The chicken thymic microenvironment, as it developed in an embryonic thymus organ culture system, was phenotypically mapped using a panel of mAb defining both epithelial and nonepithelial stromal cell antigens. We have previously reported that thymocyte proliferation and differentiation will proceed for up to 6-8 
INTRODUCTION
The thymus is comprised of a heterogeneous array of stromal cells and cytokines, both stromal-and thymocyte-derived, that constitute a microenvironment essential for the production of a competent T-cell repertoire (reviewed in Boyd and Hugo, 1991; Carding et al., 1991 ). An essential step in T-cell differentiation involves the interaction between stromal cell MHC antigens and T-cell receptor (TcR) on developing thymocytes (Zijlstra et al., 1990; Cosgrove et al., 1991) . However, lymphostromal interactions *Corresponding author.
involving non-MHC molecules, such as those occurring prior to T-cell TcR expression on immature thymocytes, while equally important, are less well-defined. Clearly, there is a need to further define and characterize thymic stromalcell subsets/surface antigens and their specific role in the various stages of T-cell differentiation.
Monoclonal antibodies (mAb) raised against thymic stromal elements of the mouse, rat, and human have revealed a complex phenotypic profile, indicating the antigenically distinct regions within and between the basic cortical-medullary definition of the thymic stroma (Haynes, 1984 ; van Vliet et al., 1985; Godfrey et al., 1990; Izon and Boyd, 1990; reviewed in Kampinga et al., 1989; Brekelmans and van Ewijk, 1990) . Similarly, mAb reactive with chicken stromal elements , including MHC class IIspecific reagents (Guillemot et al., 1984; , have delineated a similar stromal heterogeneity, demonstrating the conserved structural and antigenic nature of the thymus between the avian and mammalian species. Amongst the mAb produced in our laboratory are those specific for epithelium lining the capsule, trabeculae, and perivascular regions (type I epithelium, as defined by electron microscopy [van de Wijngaert et al., 1984] ). Such reagents are distinct from those that label both the subcapsular and medullary epithelium described in various mammalian species (Haynes et al., 1984; Colic et al., 1988; Godfrey et al., 1990;  Izon and , in addition to the chicken . Takeuchi et al. (1991) have recently described a mAb reacting only with subcapsular epithelium in the human thymus; however, on close examination, it appears that this mAb also shows significant, although weak, reactivity with cortical epithelium. The type I epithelium-specific determinants facilitate further analysis of this region of the thymus and are of particular interest as they are selectively deficient in L200 chickens that develop autoimmune scleroderma .
Thymic stromal cell-reactive mAb provide a means with which to not only map the thymic microenvironment, but to examine the functional contribution of mAb-defined thymic stromal subsets to thymocyte differentiation. One method by which this may be achieved is through addition of mAb to embryonic thymus organ culture (ETOC) and monitoring the subsequent effects upon thymocyte development. In a previous report van Vliet et al. (1985) (Kendall et al., 1988) . Hence, as a prelude to the functional assessment of thymic stromal subsets in ETOC, their in vitro development was mapped using a panel of mAb ) and compared to that in ovo. The phenotypic development of stromal subsets in the normal chicken embryo have recently been described . (Fig. la) . By days 10-12, the majority of epithelium expressed this marker. Such reactivity revealed a lack of type I epithelial organization in the cultured thymus when compared to that observed in the normal embryo (Fig. lc) . Isolated cortical epithelial cells of the embryo/adult thymus were defined by (Fig. l g) (Kampinga et al., 1989 (Fig. lk) . In ETOC, MUI-58 reacted with epithelial cells, including subcapsular epithelium at days [2] [3] [4] (Fig. li) , the frequency of reactive cells increasing with time in culture to encompass most epithelium by days 10-12. The combined reactivity of these mAb and the anticytokeratin reagent, facilitated the mapping of epithelial cell development in ETOC. Corticaland medullarylike epithelial areas, recognized by their morphology and antigenic profile, were clearly identifiable until day 6 ETOC (e.g., Fig. lb) . Thereafter, epithelial cell regions appeared to condense such that by days 10-12 dense epithelial areas were surrounded by keratin-negative tissue, the latter comprising at least half of the lobe (data not shown). Additionally, it is interesting to note the reactivity of MUI-53 and MUI-52 with a subset of nonepithelial (keratinnegative) (Fig. 2k) , although, the keratin-negative reactivity of MUI-72 was restricted to the medulla, and MUI-80 stained isolated epithelial cells, showing extensive granular reactivity. In cultured thymus lobes, isolated, medullarylike epithelium and keratin-negative cells were recognized by these markers; however, the determinant defined by MUI-72 was not detectable until days 4-6 of culture. MUI-80 also showed a granular reactivity over much of the lobe (Fig. 2i) . A monomorphic MHC class II determinant is recognized by , associated with isolated epithelial cells in the thymic cortex and the majority of epithelial and nonepithelial cells in the medulla of the adult (Fig. 2g) (Fig. 3a) , similar to the embryo (Fig. 3b) (Fig.  3h) . In contrast to the embryonic thymus, the frequency of / thymocytes had decreased markedly by days 10-12 ETOC (50% compared to 96% at 20E) and they were scattered throughout the epithelial and nonepithelial (keratinnegative) areas of the lobe. Section staining for the CD3, CD4, and CD8 antigens demonstrated a similar developmental trend for thymocytes in ETOC, correlating with that observed previously , implying that the stromal microenvironment is sufficiently intact and functional in vitro. As a prologue to identifying stromal antigens of functional importance, the maintenance and development of stromal subsets defined by mAb was delineated in ETOC and compared to normal embryonic development.
RESULTS
Both cortical and medullary epithelial cells were present in ETOC for up to 8 days, similar to that in the embryo, as identified morphologically by the anticytokeratin reagent and MUI-54, the latter a pan epithelial marker in the thymus and possibly a marker of endodermal epithelium (Haynes, 1984; Colic et al., 1988; Godfrey et al., 1990; Izon and Boyd, 1990) . As the correct development of the medulla appears to require the presence of mature, TcR / thymocytes (Shores et al., 1991) , a low frequency of CD4 / mature cells in cultured thymus . The maintenance of its pan epithelial reactivity in ETOC suggests that epithelial maturation may be slowed. This is also consistent with the concept that cortical epithelium is of a simple or less differentiated form than medullary epithelium on the basis of expression of different isoforms of cytokeratin (Colic et al., 1989; reviewed Brekelmans and van Ewijk, 1990 ) and mAb reactive with cortical epithelium showed increased reactivity/distribution in ETOC.
Additionally, , as well as MUI-56 (probably a marker of mesodermally derived tissue , demonstrated the increasing proportion of keratin-negative cells in ETOC, which comprised at least half of the lobe by day 12, consisting of fibroblasts, and, to a lesser extent, M(I) and dendritic cells . Although M are present in the 10E thymus , neither MUI-79 nor MUI-36, both reactive with a subset of M (as yet there is no chicken pan-macrophage reagent available), showed a significantly increased frequency of M(I) reactivity over that seen in the embryo. The proportion of keratinnegative tissue in ETOC expanded with time in culture, often present as large, circular areas both within and around the epithelial regions, predominating by days 10-12 ETOC. Similarly, although to a lesser extent, keratin-negative cells, including reticular fibroblasts, were observed within and around epithelial areas in murine FTOC (van Vliet et al., 1985) .
There was extensive expression of MHC class II molecules, as defined by in (Berrih et al., 1985) (Coltey et al., 1987) and/or the lack of suitability of the embryonic thymus in promoting B-cell development and/or maintenance in vitro. Such data are also consistent with the paucity of B cells in the normal embryonic thymus (N. J. Davidson and A. G. Bean, unpublished data . It has been similarly demonstrated during culture of rat thymic fragments that a type of dedifferentiation of epithelial cells is coincident with a depletion of thymocytes (Kendall et al., 1988) (Shores et al., 1991; Surth et al., 1992) .
Beyond day 8 ETOC, the constraints of the system increasingly effect cellular development, particularly that of the epithelium. Such constraints include a decreased efficiency of nutrient/gaseous exchange with increasing lobe size (Jenkinson and Owen, 1990 ) and a lack of second-wave thymocyte and stromal precursors (M and dendritic cells) at 12E (Oliver and Le Coltey et al., 1987) , the interaction of which with the developing stroma appears necessary for continued growth, as has been demonstrated in scid mice (Shores et al., 1991) . Hence, with respect to both stromal (this study) and thymocyte development , thymopoiesis in chicken ETOC reflects that in the embryo within a limited time frame (0-8 days) and represents a useful model with which to examine the functional potential of thymic microenvironmental components. Furthermore, the thymic development described in this study is reminiscent of that in murine FTOC (van Vliet et al., 1985 
Embryonic Thymus Organ Culture
The method for ETOC has been previously detailed Photomicrographs were recorded using a Zeiss MC100 camera using AGFA XRS 100/speed professional film, with exposure time determined by the degree of intensity of fluorescence staining.
Antibodies and Conjugates
Thymic stromal cell reactive mAb were produced in our laboratory and have been described in detail elsewhere Wilson et al., 1992) . These were used as undiluted hybridoma supernatants and revealed with a fluorescein isothiocyanate (FITC)-conjugated F(ab')2 fragment of affinity-purified sheep anti-mouse immunoglobulin (Silenus Laboratories, Melborne). Rabbit anti-cytokeratin immunoglobulin (wide spectrum; Dakopatts, Santa Barbara, California), used to identify epithelial cells, was revealed with tetramethyl rhodamine is)thiocyanate (TRITC) conjugated sheep anti-rabbit immunoglobulin (Silenus) .
